A non-cross-fed printed log-periodic antenna is simulated and studied experimentally. To avoid complex feeding with long coaxial line, the non-cross-feeding structure is applied in this antenna. The software CST Microwave Studio is employed to simulate the proposed antenna, and the optimized antenna model is obtained. According to the simulation results, the antenna prototype is produced and measured. Simulation and measured results show that the antenna is with | 11 | < −10 dB in band of 4.2-9.2 GHz. And the radiation pattern and gain vary steadily in this band, which achieves requirements for wideband antenna. This antenna design can be extended to the design of the antenna integrated in communication circuit.
Introduction
With the development of communication technology, demands for the antenna specifications grow increasingly. To improve transmission speed, the employed antenna should have broad band. Besides, steady phase center is also required for transmitting time-domain signal at an UWB spectrum. In other words, the antenna should be a miniaturization [1] . To increase communication distance, the high-gain characteristic is needed [2] . In most cases, antenna should have such characteristics as small size, light weight, and low profile to make more convenient integration with circuit of communication system [3] . Printed antenna, which is based on printed board, can satisfy all the requirements above. Besides, the printed substrate can also make some beneficial influences for the antenna performance. For example, as the increasing electromagnetic energy density can enhance coupling, the bandwidth of antenna can be broadened [4] . Focusing effect of substrate can also make a higher gain [5, 6] . Some kinds of feeding structure which make integration easier can also be introduced, such as microstrip line [7] , balanced microstrip line [8, 9] , and substrate integrated waveguide [10] .
There exist a series of log-periodic dipole antennas without introducing long coaxial feeding line, which can help to make the antenna easily integrated. Abdo-Sanchez et al. had proposed a log-periodic dipole antenna radiated by slots. Working frequency band of 2.7-8.7 GHz and efficiency of 85% are achieved. However, the directional radiation requested introducing reflector, which would definitely break planar construction of antenna [11] . Koch-shaped dipoles together with closely coupled parasitic elements as directors were utilized for compactness in size and improvement in front-to-back ratio (F/B ratio). However, such design is only suitable for RFID system. The working bandwidth is narrow for 17.7% (820-980 MHz) [12] . A printed LPDA fed by a coplanar waveguide was proposed. Coplanar waveguide was used to replace coaxial line. Wide working band (3-6 GHz) was obtained. However, the axial dimension was relatively large [13] .
A series of printed log-periodic antennas were proposed [14] , and all of them are evolved from traditional log-periodic dipole antennas. Cross-feeding structure was adopted, which feeds on one side of short dipole so as to introduce a long coaxial feeding line. Therefore, such feeding structure is disadvantageous for being integrated. In this paper, a noncross-feeding printed log-periodic dipole antenna (LPDA) is proposed. The antenna is fed by balanced microstrip. Feeding on one side of long dipole can avoid introducing overlong coaxial feeding line. The software CST Microwave Studio is used to simulate the proposed antenna to get an optimization model. A prototype antenna has also been measured. The simulation and experiment results show that the operating bandwidth is 4.2-9.2 GHz with | 11 | < −10dB and the ratio band can achieve 2.2 : 1. Besides, the in-band gain of antenna varies steadily (6.0-8.5 dBi). The detailed simulation and experiment results can be shown as follows. Figure 1 shows the structure chart of proposed antenna. Structure of double-sided printed circuit board is adopted. Colorful area stands for the metal layer printed on dielectricslab. The proposed antenna has 12 pairs of dipole, feeding on one side of the long dipole. Besides, waveguide port was introduced in simulation as well as the SMA coaxial connector in experiment.
Antenna Structure

Design Process and Simulation Result
The antenna model is set up in the software CST Microwave Studio. The modeling process is as follows: first of all, major parameters should be confirmed, including , , , , and ; refer to Table 1 . Then, initial values of major parameters above can be calculated by (1) [15, 16] . They are traditional parameter calculation equation for LDPA, whose results can be introduced as initial values. Because the proposed antenna is different from the traditional one, the final parameters should be confirmed by much simulation and calculation. The parameters obtained finally are listed in Table 1 . Consider 
Figures 2 and 3 have given the simulation results of reflection coefficient and radiation pattern of proposed antenna. The simulation results indicate that the operating band is 4.2-9.5 GHz. In this working band, its radiation also satisfies directional radiation with gain of 6.3-9.7 dBi. Compared to the traditional LPDA, the bandwidth of proposed antenna is lower. However, it can also have wideband characteristics. In other words, it achieves the impedance and the pattern bandwidth of more than 2 : 1. According to the simulated International Journal of Antennas and Propagation cross polarization radiation pattern, the cross polarization discrimination within main lobe is higher than 30 dB. Generally, LPDA adopts cross-feeding way, feeding on one side of short dipole. Feeding line is divided into three parts: transmission area, radiation area, and unexcited area. Advantages of such feeding way are as follows. (1) High-frequency electromagnetic wave radiates by short dipole immediately when it enters the feeding line, and its radiation efficiency is much higher. (2) Bandwidth of antenna is wide with a normal ratio band of 10 : 1. However, it needs a long coaxial line to feed along the feeding line from long dipole to the short one, which is disadvantageous for integration.
The proposed non-cross-fed LPDA is fed directly from long dipole, which could avoid introducing overlong coaxial line and make the integration easier. But, feeding on long dipole also leads to some negative effects. (1) Because of the strong radiation characteristic of high-frequency electromagnetic wave, it radiates immediately when it enters the port of long dipole. Therefore, the antenna efficiency will decline. (2) Along with the flowing current, phases lag gradually. By lacking the regulation of additional phase, which is produced by cross-feeding, the frequency stability of phase difference between different dipoles will be bad. It will decrease the bandwidth of antenna. Even so, the proposed antenna can achieve impedance and pattern bandwidth of more than 2 : 1. Therefore, requirements of mobile communications within close range can be met.
Characteristic Analysis
For illustrating the working principle of proposed antenna, surface currents are studied by simulation. According to the simulation results of metal parts in frequencies of 4.2 GHz, 6.5 GHz, and 9 GHz, currents of different frequencies will be radiated by different parts of antenna (Figures 4(a)∼4(c) ). Quantitative analysis can be made in Figure 4(d) .
International Journal of Antennas and Propagation With the software CST Microwave Studio, the surface current densities (Figure 4 ) of node places at the feeding line with 2nd, 6th, and 11th dipole are acquired. Figure 4 shows that all these three dipoles possess their own maximum current densities, whose corresponding frequencies are 3.30 GHz, 5.67 GHz, and 8.18 GHz, respectively. It indicates that each dipole has a resonant frequency. By selecting proper antenna structure parameters, it can make these resonant frequencies achieve stagger tuning. Thus, proposed antenna could obtain wide band. Figure 5 shows the current density phases of node places at feeding line with 1st-3rd, 5th-7th, and 10th-12th dipoles. 1st-3rd dipoles can be picked, for example. The current densities on these three intersections turn lag in wide band (4.2-5.5 GHz). It indicates that the antenna array made by three dipoles will achieve directional radiation. The radial direction points to the short dipole. The antenna radiation in this band is mainly decided by 1st-3rd dipoles. The radiation produced by the other dipoles' weak currents can be ignored. The analysis in the other band is similar to the 1st-3rd dipoles' analysis. The explanation above can well account for characteristic of directional radiation.
Measured Result
According to parameters obtained by simulation, antenna prototype is produced ( Figure 6 ) and measured in 6.0 m × 6.0 m × 8.0 m microwave chamber by Agilent E8363B Vector Network Analyzer. The measured contents include reflection coefficient, radiation pattern, and gain. The measured results (Figures 7, 8 , and 9) indicate that the operating bandwidth is 4.2-9.2 GHz with | 11 | < −10 dB, which differs little from the simulated result of 4.2-9.5 GHz. The measured gain is 1 dB less than the simulated one. The measured radiation pattern also differs little from the simulated one in main lobe; meanwhile, it differs a lot in side lobe. On the whole, the proposed antenna meets the qualification of wide band antenna. The reasons why the measured results differ a lot from the simulation one are as follows. (1) Dielectric-slab is the normal FR-4 epoxy board with great loss. Its loss tangent is about 10 −2 magnitude, which is more than the common Rogers series material (10 −3 magnitude). The energy loss caused by it will make a decrease of reflection coefficient and gain. (2) The influence from welding and fixture when measuring radiation pattern will affect the measured result of side lobe level. Besides, the instability of FR-4 material will also affect the measured result of antenna radiation pattern.
In the production of antenna prototype, it needs attention for the feeding balance-unbalance transformation of SMA coaxial connector. The way to weld the SMA connector is depicted in Figure 6 . Welding spot of coaxial connector and feeding line can be regarded as a small floor, which forms a quasi microstrip line with another spot. Then, the feeding structure of printed log-periodic antenna is coaxial line-quasi microstrip line-feeding line (balanced microstrip), which could balance the feeding.
Characteristics of Proposed Antenna
In order to illustrate the significance of proposed antenna, the compared performances between proposed antenna and the ones in reference are listed in Table 2 . For the unification of the antenna working in different working band, the concept of electrical size has been introduced. Electrical size is the ratio of the maximum size of antenna and the wavelength corresponding to the lowest working frequency, calculated International Journal of Antennas and Propagation by (2) . It can be seen that the characteristics of proposed antenna are wide band, high gain, and small dimensions relatively. Consider
Conclusion
A non-cross-fed printed log-periodic antenna is proposed. By much simulation, its optimal parameters are acquired. According to the data obtained by simulation, its characteristics of wide band and directional radiation are illustrated. The antenna prototype is also produced for measuring. The measured results indicate that the proposed antenna can work in the band of 4.2-9.2 GHz with the average gain of 7 dB. Therefore, it can be used as wideband antenna. The feeding way of proposed antenna adopts non-cross-feeding and feeds on long dipole, which can avoid introducing coaxial line. Thus, it can be widely applied to antenna design in integrated circuit system.
